reasonably well with respect to the bias, but the opposite is not necessarily true [10] . The essential oil from Ocimum genus were studied for their pharmacological properties and to enhance the efficacy of essential oils, the combined use of different oils were evaluated recently for potential synergistic effects [11] . In this regard, this paper aims to evaluate the antifungal activities of four Cameroon-grown Ocimum essential oils and their combinations. 
Materials and Methods Plant Material and Extraction

Fungal Strains
The four yeast strains used were Candida albicans ATCC12C, Candida albicans ATCCL26, Candida albicans ATCC37037and Candida albicans ATCC37039.
Essential Oil Extraction and Characterization Extraction of Essential Oils
The plant samples were hydro-distilled for 5 hours using a Clevenger-type apparatus. Essential oils obtained were dried over anhydrous sodium sulphate and stored at 4°C until use for further experiments. The extraction yields were calculated in percentage (w/w).
Chemical Analysis of the Essential Oils
The essential oils were analysed by gas chromatography (GC) and gas chromatography coupled with mass spectrometry (GC/MS). As describe earlier [12] .
Minimal Inhibitory Concentration (MIC) Determination
The broth dilution method was performed as previously described [13] with slight modifications. The modifications were at the end point determination. Spectrophotometric reading of each wells were performed with a Biokit EL 800 automated plate reader set at 490 nm after the well had been agitated. The Minimal Inhibitory Concentration (MIC) were determined as the first concentration of the antifungal agent at which turbidity in the well was 90% less than that in control wells [14] .
Combinatorial Analysis
The response surfaces methodology (RSM), which is a group of mathematical and statistical techniques used in the development of an adequate functional relationship between a response of interest and a number of associated variables, were used for the combinatorial analysis. Central composite design plus star were used to fit second order models in order to optimize the response of yeasts to essential oil combinations. In the aim of having a general view of the response of all the tested yeasts on the essential oil combination, the multiple response optimizations were used [15] . The RSM was used to estimate the effect of essential oils, considered here as independent variable, on the growth of each yeasts estimate as percentage of inhibition. Central composite design with replication at the center point was employed to design the experimental data. The following second order binomial model was applied.
% I = γ0 + αA + βB + (αA) 2 + (βB) 2 + αβAB + ε Where %I is the percentage of inhibition obtained from each pair of drug combination; γ0= constant, α and β are coefficients defining the magnitude of individual and interactive effects of the drugs; A and B are the concentration of different essential oils involved in the combination. The goodness of the model was checked with a variety of diagnostic tests, such as R 2 , adjusted R 2 , the lack of fit test, analysis of variance, residual and average plot analysis, diagonalization of parameter matrices and standard error of parameters. The optimal inhibitory concentrations were maximized over the studied region by the Multiple Response Optimization (MRO) process using desirability function with the expression of Derringer and Suich [16] as recently described [15] using the following equation:
Where D is the overall desirability function to be maximized, di is the individual desirability function of each response function and w is the number of responses.
Statistical Analysis
All data were analyzed using STATGRAPHICS 5.0 (for Windows) and p ≤ 0.05 were considered as significant.
Results
Essential Oil Extraction
The essential oil was obtained with yield from 0.038% for Ocimum basilicum to 0.349% for Ocimum canum, while the density yields were similar [ Cameroon-grown Ocimum canum the yield and chémotype obtained follows the straight line with that obtained previously [17] [18] [19] . The yield of extraction of essential oil from fresh leaves of Ocimum basilicum was 0.039%. This yield is very low compared to that obtained elsewhere [17] and could be greater with drying; Ndoye [17] obtained from semi dry leaves of this plant an essential oil with yield of 0.2%, and up to 1.25% when the material is completely dry and ground [20] . Regarding Ocimum urticaefolium, this is the first report on the essential oil extraction, chemical composition as well as antimicrobial activity.The yield of extraction is 0.203%, which is within the range usually obtained from essential oil extraction from the Ocimum genus [17, 19, 21, 22] . The extraction of fresh leaves of Ocimum gratissimum yielded 0.222% of essential oil. This yield is within the range of yield obtained previously from Cameroon-grown Ocimum gratissimum by several authors [17, 18, 23] . Hzounda F. J. B., Jazet D.P.M., Bakarnga V. I., Ngo Mback M.N.L., Zeuko'o M.E., Fall A.D., Bassene E. and Fekam B.F. 
Chemical Analysis of the Essential Oil
(Z) -β-Ocimène 7,08 - - - 1041 (Z) -β-Ocimène - - 0,20 0,28 1051 (E) -β-Ocimène 0,72 - - - 1053 (E) -β-Ocimène - 0,54 - - 1062 γ-Terpinene - 0,
Determination of the Ocimum Essential Minimal Inhibitory Concentrationon Four Candida albicans
The MIC of the essential oil from Ocimum canum essential oil was up to 9.6mg/ml on Candida albicans ATCCL26 [Fig-1C ] and the best MIC obtained was 5.31 ± 0.18mg/ml [Fig-1D ] on Candida albicans ATCC12C. The activity of this essential oil was not significantly different from that of 1,8-cineol (Eucalyptol)(p≤0.05) but this activity could not be linked to the presence of 1.8cineol as this compound represented 55.32% of the overall essential oil composition and the essential oil did not exert any inhibitory potential on Candida albicans ATCCL26 [Fig-1C ]. This poor inhibitory potential has been described elsewhere [24] . Ocimum urticaefolium showed significant inhibitory potential on all the strains tested and was the third most active essential oil (p≤0.05). The most sensitive yeast to this essential oil was Candida albicans ATCC12C (MIC= 2.98±0.15mg/ml) [Fig-1D ] and the most resistant strain was Candida albicans ATCC37039 (MIC = 4.06 ± 0.25mg/ml) [Fig-1B ]. There is no data available in the literature regarding the antimicrobial potential of this Ocimum. The essential oil from Ocimum basilicum was the second most active oil on all strains (p≤0.05). The most sensitive strain was Candida albicans ATCCL26 (MIC = 1.37 ± 0.04µg/ml) [Fig-1C ] and the most resistant was Candida albicans ATCC37039 (MIC = 2.31 ± 0.07mgl/ml) [Fig-1B ] respectively on the essential oil from Ocimum basilicum [25, 26] . The overall active essential oil was that from Ocimum gratissimum (p≤0.05). The most sensitive yeast was Candida albicans ATCC12C (MIC = 0.62 ± 0.018mg/ml) [Fig-1D ] and the most resistant yeast was Candida albicans ATCCL26 (MIC = 0.67 ± 0.017mg/ml) [Fig-1C] . Thymol was also active on all the strains with its activity similar to that of Ocimum gratissimum.The essential oil from Brazilian eugenol rich oil from Ocimum gratissimum by Sartoratto, et al. [25] has revealed that the MIC was 2µl/ml, which is similar to that obtained in this study [Fig-1 ]. These observations have also been confirmed with 11 specimens of Ocimum gratissimum collected from Kenyan regions by Matasyoh, et al. [22] .
From the following statistical classification, Ocimum basilicum, Ocimum gratissimum and Ocimum urticaefolium were selected for the combinatorial studies.
Combinatorial Analysis
The results of each combination and the desirability estimate of the optimization are in [Tables-3] Table 3 -Combination parameters of Ocimum basilicum and Ocimum gratissimum on yeasts growth inhibition. Table 4 -combination parameters of Ocimum urticaefolium and Ocimum.gratissimum on yeasts growth inhibition. Combination of Ocimum basilicum and Ocimum gratissimum The R 2 and adjusted R 2 were up to 90% for all the strains [ Table- 4] , meaning that the models as fitted have at least 90% chance to describe properly the response of the yeast to the combination of Ocimum basilicum and Ocimum gratissimum. The lack of fit tests was not significant. Ocimum basilicum as parameter were significantly equal to 0 in all the models except in the case of Candida albicans ATCC37037 showing that the response of this strain is not influenced by the Ocimum basilicum as parameter. Also, Ocimum gratissimum did not influence the response of Candida albicans ATCC12C as well as Ocimum gratissimum 2 in the case of Candida albicans ATCC37039. The combination parameter Ocimum basilicum* Ocimum gratissimum was significantly different from 0, demonstrating that the combination of both essential oils influenced the response of all strains tested [ Table-3 ].
Optimized Combinations of Ocimum Essential Oils Inhibit Growth of Four Candida albicans
The optimum value of Ocimum basilicum and Ocimum gratissimum that could inhibit 90% of all the tested yeast growth was 0.629mg/ml and 0.147mg/ml respectively. The desirability in this case was 97.86% [ Fig-2 ] meaning that there is 97.86% of chance that the concentrations of two essential oils will show described inhibition. 
Combination of Ocimum urticaefolium and Ocimum gratissimum
The combination parameters for combination of Ocimum urticaefolium and Ocimum gratissimum are shown in [Table-4 ]. For all the tested strains, R 2 and adjusted R 2 were up to 90%, meaning that the model as fitted has at least 90% chance to describe properly the response of the yeast to the combination of Ocimum urticaefolium and Ocimum gratissimum. The lack of fit tests was not significant showing that the models appear to be adequate for the observed data at the 95% confidence interval. Ocimum urticaefolium as parameter were significantly equal to 0 in the case of Candida albicans ATCC37039 and Candida albicans ATCCL26 while Ocimum gratissimum were significantly different to 0 in all models. The combination parameter Ocimum basilicum*Ocimum gratissimum were up to 0.05 indicating that the combination of these two essential oils was significantly different from 0 [ Table-4 ].
The optimum value of Ocimum basilicum and Ocimum gratissimum that could inhibit 90% of all tested yeast growth was 0.583mg/ml and 0.147mg/ml respectively. The desirability in this case was 96.35% [ Fig-3 ] meaning that there is 96.35% of chance that the concentrations of these two essential oils will show the described inhibition. Combination of Ocimum urticaefolium and Ocimum basilicum. The R 2 were up to 91.70% and adjusted R 2 were between 83, 86% to 88.61% [ The optimum value of Ocimum basilicum and Ocimum urticaefolium that could inhibit 90% of all tested yeast growth is 0.629mg/ml and 0.147mg/ml respectively. The desirability in this case was 100% [Fig-4 ] meaning that it is highly probable that the concentrations of two essential oils will show the described inhibition. In this case, the value of the determination coefficient (90%≤R²) indicates that the model could explain at least 90% of the variability in the inhibition of the growth of yeast. The variability of the R² for the same combination on different yeasts could be explained by the yeast species and /or intrinsic yeast characteristics. The lack of fit test is non-significant at the 95% confidence interval [ provides an excellent explanation of the relationship between the independent variables (essential oils) and the response (yeast growth inhibition) [10, 27] . The p-values of the Dublin-Watson tests are in most of the case up to 0.05 indicating that there is no autocorrelation in the residuals.These results show that the results obtained are realistic, as the responses were not correlated [16] .
International The Multiple Response Optimization was drawn and the optimum concentrations obtained were at least twofold lower than the MIC of essential oil alone. The desirability coefficient varied from 0.9 to 1, this result indicating that the optima obtained were as ideal as possible [16] . This shows the important pharmacological potential as the optimum obtained inhibited the growth of all the tested yeast strains within 20 hours [Fig-5 ]. These observations are in accordance with those obtained by combining amiodarone with azoles (Fluconazole, Itraconazole and Voriconazole) [28] .
The Time Kill Kinetic
The optimized combination of essential oils inhibits the growth of the tested yeast within 20 hours.The fact that the optical density did not decrease can be due to the fungistatic potential of the essential oil. But Nakamura, et al. [29] has previously shown that the essential oil from Ocimum gratissimum at certain concentrations kills the yeast without disintegration of the yeast cells. We observed the change in the cell morphology at the subinhibitory concentrations (unpublished data) and this later observation was also observed by Nakamura, et al. [29] . All these observations demonstrate that the combination presented here are fungicidal. Further research is needed to elaborate these mechanisms.
Conclusion
Our research demonstrates that the essential oil of Ocimum canum, Ocimum basilicum, Ocimum gratissimum, and Ocimum urticaefolium has good antifungal potential. When combined with each other, their activities were increased. Further research is needed on the optimal combinations for use as anti-Candidal drugs. 
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